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Abstract 
This study aims to evaluate the effect of change of steam turbine 
input, which is characterized by steam mass flow rate and the isentropic 
enthalpy drop, on the overall efficiency of steam turbine at constant 
power out put. Steam turbine unit one in Garri power plant one has been 
selected for this study. It has been concluded that for a constant output 
power the overall efficiency is not constant due to fluctuation of the 
product of steam mass rate of flow and the isentropic enthalpy drop 
values. For constant power output the steam mass rate of flow values are 
changed to compensate for the change in the values of the isentropic 
enthalpy drop and the internal losses. So the overall efficiency value is 
not constant at constant power output due to the change in the condition 
of steam at inlet and outlet to the turbine, which affect the internal losses 
and the required mass flow rate, and the changes in the internal losses 
caused by change in steam mass flow rate. Also it has been concluded 
that the best overall efficiency values were obtained during the highest 
load condition and the worst efficiency values were obtained during the 
lowest load condition.  
 
 
 
 
 
 iv 
 
Table of Contents 
Dedication ....................................................................................................................
 i 
Abstract ................................................................................................................. iii 
LIST OF TABLES............................................................................................................vi 
LIST OF FIGURES.........................................................................................................vii 
CHAPTER 1  
INTRODUCTION ...........................................................................................................1 
1.1. Introduction .............................................................................................1 
1.2. Objective of the Study ...........................................................................2 
CHAPTER 2  
LITERATURE REVIEW .....................................................................................................3 
2.1. Steam System Survey Guide:[2]..............................................................3 
2.2. Steam Turbine Thermal Evaluation and Assessment:[1] .......................4 
2.3. Large Power Steam Turbines, Design and Operation:[3] ...................15 
CHAPTER 3  
GARRI POWER PLANT................................................................................................18 
3.1. Information about Garri Power Plant: .................................................18 
CHAPTER 4  
METHODOLOGY........................................................................................................20 
CHAPTER 5  
DATA ANALYSIS ........................................................................................................22 
5.1. 32MW discussion:..................................................................................28 
5.2. 31MW discussion:..................................................................................35 
5.3. 25MW discussion:..................................................................................41 
5.4. 15MW discussion:..................................................................................46 
5.5. 10MW discussion:..................................................................................51 
5.6. Summary :..............................................................................................53 
CHAPTER 6  
CONCLUSION AND RECOMMENDATIONS..............................................................55 
6.1. Conclusion: ...........................................................................................55 
6.2. Recommendations ...............................................................................56 
References................................................................................................................57 
Appendixes ..............................................................................................................58 
 v 
 
A1. 32 MW Table ..........................................................................................58
LIST OF TABLES 
vi 
 
LIST OF TABLES 
Table 5.1   Load Repetition  
Table 5.2  30MW Analysis Table 
Table 5.3  29W Analysis Table 
Table 5.4  25MW Analysis Table 
Table 5.5  24MW Analysis Table 
Table 5.6  15MW Analysis Table 
Table 5.7  14MW Analysis Table 
Table 5.8  13MW Analysis Table 
Table 5.9  12MW Analysis Table 
Table 5.10  11MW Analysis Table 
Table 5.11  10MW Analysis Table 
Table 5.12  Overall Efficiency Summaries
LIST OF FIGURES 
vii 
 
LIST OF FIGURES 
Figure 2.1  Digital photography of steam passage part     
Figure 4.1  Temperature–Entropy Diagram for Steam Turbine   
Figure 5.1  Load Repetition Chart        
Figure 5.2 32MW Overall Efficiency Chart     
Figure 5.3 32MW Specific Enthalpy Drop and Main Steam Flow Rate Chart  
Figure 5.3 32 MW Relation Between m., ∆h and ηov 
Figure 5.2 31MW Overall Efficiency Chart     
Figure 5.3 31MW Specific Enthalpy Drop and Main Steam Flow Rate Chart  
Figure 5.3 31 MW Relation Between m., ∆h and ηov 
Figure 5.2 30MW Overall Efficiency Chart     
Figure 5.3 30MW Specific Enthalpy Drop and Main Steam Flow Rate Chart  
Figure 5.3 30 MW Relation Between m., ∆h and ηov 
Figure 5.2 29MW Overall Efficiency Chart     
Figure 5.3 29MW Specific Enthalpy Drop and Main Steam Flow Rate Chart  
Figure 5.3 29 MW Relation Between m., ∆h and ηov 
Figure 5.2 25MW Overall Efficiency Chart     
Figure 5.3 25MW Specific Enthalpy Drop and Main Steam Flow Rate Chart  
Figure 5.3 25 MW Relation Between m., ∆h and ηov 
Figure 5.2 24MW Overall Efficiency Chart     
LIST OF FIGURES 
viii 
 
Figure 5.3 24MW Specific Enthalpy Drop and Main Steam Flow Rate Chart  
Figure 5.3 24 MW Relation Between m., ∆h and ηov 
Figure 5.2 15MW Overall Efficiency Chart     
Figure 5.3 15MW Specific Enthalpy Drop and Main Steam Flow Rate Chart  
Figure 5.3 15 MW Relation Between m., ∆h and ηov 
Figure 5.2 14MW Overall Efficiency Chart     
Figure 5.3 14MW Specific Enthalpy Drop and Main Steam Flow Rate Chart  
Figure 5.3 14 MW Relation Between m., ∆h and ηov 
Figure 5.2 13MW Overall Efficiency Chart     
Figure 5.3 13MW Specific Enthalpy Drop and Main Steam Flow Rate Chart  
Figure 5.3 13 MW Relation Between m., ∆h and ηov 
Figure 5.2 12MW Overall Efficiency Chart     
Figure 5.3 12MW Specific Enthalpy Drop and Main Steam Flow Rate Chart  
Figure 5.3 12 MW Relation Between m., ∆h and ηov 
Figure 5.2 11MW Overall Efficiency Chart     
Figure 5.3 11MW Specific Enthalpy Drop and Main Steam Flow Rate Chart 
Figure 5.3 11 MW Relation Between m., ∆h and ηov 
Figure 5.2 10MW Overall Efficiency Chart     
Figure 5.3 10MW Specific Enthalpy Drop and Main Steam Flow Rate Chart  
Figure 5.3 10 MW Relation Between m., ∆h and ηov 
CHAPTER 1 - INTRODUCTION  
1 
 
CHAPTER 1 
INTRODUCTION 
1.1. Introduction 
For a steam turbine-generator to operate at its optimum level of 
thermal performance, it must achieve a high initial level of performance 
and must be able to sustain thermal performance over time. This is best 
achieved by an ongoing program of evaluation and assessment of thermal 
performance data. This program has a three-fold purpose. The first is to 
detect deterioration in the thermal performance by trending changes in 
various performance parameters. The second is to identify the cause of 
performance degradation by proper data evaluation and interpretation. 
The third is to develop cost-effective solutions to correct operational and 
equipment problems, which are contributing to the degradation in thermal 
performance. [1] 
The ANSI/ASME PTC 6S Report “Simplified Procedures for 
Routine Performance Tests of Steam Turbines” provides guidance in 
developing procedures to monitor performance. This procedure provides 
the necessary data to determine turbine cycle heat rate, kilowatt capacity, 
HP and IP section efficiencies, and turbine stage pressures and flow 
capacities. [1] 
When a repeatable measurement of primary flow cannot be 
obtained, another practical, effective method of trending the performance 
of the turbine-generator unit is to make periodic measurements with the 
turbine control valves wide open (VWO). This test, usually referred to as 
a Capacity Test, determines the generator output capacity, HP and IP 
enthalpy drop efficiency, and turbine stage pressures. [1] 
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The Enthalpy Drop Test is used frequently for monitoring steam 
turbines. This test involves a minimum number of instruments, but 
establishes the efficiency of those turbine sections most susceptible to 
deterioration. The pressure and temperature ahead of and at the exhaust of 
the section being tested must be measured. The efficiency of the section 
can then be calculated from the ratio of actual to isentropic enthalpy 
drop.[1]  
1.2. Objective of the Study 
This study aims at evaluating the effect of variation in mass rate of 
flow and isentropic enthalpy drop on the overall efficiency of steam 
turbine at constant power. 
The study will focus on the steam unit that receives steam with 
specific condition (Input), produces electrical power (Output) and 
exhausts steam to condenser. The study concentrates on the performance 
of the most repeated output. 
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CHAPTER 2 
LITERATURE REVIEW 
2.1. Steam System Survey Guide:[2] 
The report has defined the benchmarking as the practice of determining 
key operating parameters of a system to provide points of comparison. It 
says benchmarking is a valuable tool to track system performance, to 
identify problems, and to determine the effectiveness of system 
alterations.  
Benchmarks can be used to compare a facility with a theoretical system to 
determine the maximum attainable performance. Benchmarks are also 
used to compare the current operation to past operation. This can identify 
potential failures within the system as well as highlight efficiency and 
production improvements. 
 In the same report it is mentioned that a steam system analysis 
investigates the energy transfer of the fuel to the steam and the steam to 
the process. To complete the analysis, steam properties must be known. 
Steam properties are provided in tabular, graphical, and computerized 
form. Typically the values used to determine properties are the steam 
temperature and pressure if the steam is superheated. When steam is dry 
and saturated, pressure or temperature can be utilized to determine the 
steam properties. If dealing with saturated condensate, pressure or 
temperature is also the common properties used to provide fluid 
information. Finally, temperature and pressure are used to determine the 
properties of water below the saturation temperature (sub-cooled). Many 
other methods can be used to determine steam and water properties, but 
temperature and pressure are the most common measurements.  
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Most calculations completed on steam systems are investigating the 
energy associated with an activity. Typically, the thermodynamic 
property used to determine energy flow is enthalpy. 
Enthalpy is expressed in terms of specific energy content for a given mass 
of material. 
 Also, it is mentioned that The Steam Distribution System Losses is a 
category of a steam system assessment focuses on many different areas of 
the steam distribution system. The focus areas typically take the form of 
steam leaks, heat transfer loss through insulation, condensate loss, and 
flash steam loss. 
2.2. Steam Turbine Thermal Evaluation and Assessment:[1] 
2.2.1. Introduction 
The reference has mentioned that for a steam turbine-generator to operate 
at its optimum level of thermal performance, it must achieve a high initial 
level of performance and must be able to sustain thermal performance 
over time. This is best achieved by an ongoing program of evaluation and 
assessment of thermal performance data. This program has a three-fold 
purpose. The first is to detect deterioration in the thermal performance by 
trending changes in various performance parameters. The second is to 
identify the cause of performance degradation by proper data evaluation 
and interpretation. The third is to develop cost-effective solutions to 
correct operational and equipment problems, which are contributing to 
the degradation in thermal performance. To meet these objectives, a 
thermal performance program should include the following essential 
factors: 
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_ Obtain baseline performance data on individual turbines and cycle 
components during initial operation and after a maintenance outage to 
establish a base for identifying specific areas of performance losses.  
_ Periodic acquisition of repeatable performance data. 
_ Proper evaluation and assessment of performance data so that 
deterioration can be detected, located, trended, and corrected in a cost-
effective manner 
_ Detailed inspection of and quantification of the expected performance 
recovery from restoration of turbine steam path. 
The basic theory of the turbine steam path flow, pressure, and 
temperature relationships is reviewed to improve understanding of how 
these trends can be interpreted and used to locate and identify the cause 
of the turbine deterioration. Some common causes of turbine deterioration 
include deposits, solid particle erosion, increased clearances in packing 
and tip spill strips, and foreign object damage. Also the turbine steam 
path evaluation theory can be used to identify the specific components 
contributing to the loss in thermal performance. In addition, this 
inspection can be used to verify the predictions of turbine conditions from 
the monitoring program.  
2.2.2. Baseline and Periodic Performance Testing:[1] 
A performance test conducted in accordance with the ANSI/ASME PTC 
6-1996 “Steam Turbine” Code is an accurate method of establishing the 
performance of a turbine-generator unit. The test requires the use of 
highly accurate calibrated instrumentation and highly controlled 
measurement procedures. When this code is used to conduct Acceptance 
tests, the uncertainty of the test result is very small. Although this code 
test provides excellent baseline performance, it generally is not 
CHAPTER 2 – LITERATURE REVIEW  
6 
 
economically justifiable for periodic testing as part of monitoring 
performance. 
However, the test code is useful in developing a basic understanding of 
the required measurements and procedures for determining the 
performance of a turbine-generator unit. 
 
The value of the analysis of performance test data greatly depends on the 
quality of the data. The use of “Acceptance” test procedures to obtain 
periodic performance results yields the most accurate test data for 
analysis and evaluation. Fortunately, performance monitoring does not 
necessarily require absolute accuracy, but it demands repeatable data for 
establishing accurate trends of various performance characteristics so 
simplified procedures can be used.  
• ASME PTC 6S Report:[1] 
The ANSI/ASME PTC 6S Report “Simplified Procedures for Routine 
Performance Tests of Steam Turbines” provides guidance in developing 
procedures to monitor performance. This procedure provides the 
necessary data to determine turbine cycle heat rate, kilowatt capacity, HP 
and IP section efficiencies, and turbine stage pressures and flow 
capacities. For this test, like other heat rate tests, the most important 
measurements are electrical load and primary flow, which is usually 
measured in the feed water line. To assure repeatability, the differential 
pressure transducer on the primary flow element should be calibrated 
prior to the test. In addition, mechanical station watt-hour meters usually 
have to be read by counting disk revolutions to obtain a precise reading of 
kilowatt output. Temperatures and pressures at the inlet and outlet of the 
HP and IP sections should be made with instruments capable of 
producing high repeatability. 
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The repeatable determination of the turbine cycle heat rate also depends 
on cycle isolation. 
Since primary flow is measured in the feed water line, any leakage 
between the flow measurement and the turbine stop valve must be 
eliminated or the test results adjusted accordingly. Otherwise, an 
erroneous measurement of heat rate will be obtained. Steam and water 
leakages within the turbine cycle do not affect the measurement of heat 
rate, but these leakages can cause a significant loss in the actual heat rate 
and kilowatt capacity.  
• Capacity Test:[1] 
When a repeatable measurement of primary flow cannot be obtained, 
another practical, effective method of trending the performance of the 
turbine-generator unit is to make periodic measurements with the turbine 
control valves wide open (VWO). 
This test, usually referred to as a Capacity Test, determines the generator 
output capacity, turbine enthalpy drop efficiency, and turbine pressures.  
• Enthalpy Drop Test:[1] 
The Enthalpy Drop Test is used frequently for monitoring steam turbines. 
This test involves a minimum number of instruments, but establishes the 
efficiency of the turbine. An Enthalpy Drop Test can be conducted on any 
turbine operating entirely in the superheat region. The pressure and 
temperature ahead of and at the exhaust of the turbine being tested must 
be measured. The efficiency of the turbine can then be calculated from 
the ratio of actual to isentropic enthalpy drop.   
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2.2.3. Evaluation of Performance Data:[1] 
The effort of obtaining good repeatable test data will be lost unless that 
data is properly evaluated. The generator output and turbine cycle heat 
rate depends on the operating conditions of the turbine cycle and the 
performance of the many individual equipment components. If the test 
results indicate that heat rate has deteriorated or the maximum electrical 
capacity of the unit has changed, any of the following conditions could be 
contributing factors: 
- Turbine steam flow. 
- Efficiency of the turbine steam path. 
- Available energy of the turbine (i.e., steam conditions) 
- Performance and operation of the balance of plant components. 
To assess the turbine condition and its contribution to any deterioration in 
thermal performance, output and heat rate must be corrected for the 
influence of two non-turbine related factors: [1] the available energy of 
the turbine and [2] the performance and operation of the balance of plant 
components. 
The available energy of the turbine is affected by variations in the 
following operating conditions: 
- Throttle pressure. 
- Throttle temperature. 
- Reheat temperature. 
- Reheater pressure drop. 
- Condenser vacuum. 
• Assessment of Turbine Conditions:[1] 
The proper interpretation of test results can lead to an assessment of the 
internal condition of the turbine which can assist in prioritizing 
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maintenance activities. There may be indications of mechanical damage 
in a turbine section, deposits or solid particle erosion. Knowledge of the 
turbine characteristics is necessary to understand why the performance 
has changed. 
Maximum generator output is directly affected by changes in the 
efficiencies of the turbine and changes in the flow capacity of the first 
three or four stages of the high-pressure turbine. Changes in the flow 
capacity of following stages may indicate a physical change in the steam 
path and consequential effects on local steam path efficiency. A change in 
the flow capacity of the turbine or the flow capacity of a particular 
turbine stage is reflected on the stage pressure, temperature, and flow 
relationship. 
2.2.4. Turbine Steam Path Evaluation:[1] 
The interpretation of the results of performance monitoring activities can 
be used to identify turbine internal problems causing deterioration in 
performance, and assist in planning maintenance required to address the 
problems. However, to restore performance during a turbine maintenance 
outage, the turbine components contributing to the performance loss need 
to be identified. This can best be done by conducting a turbine steam path 
evaluation. 
A steam path evaluation should include a detailed visual inspection of the 
steam path components and clearance measurements of the packing; and 
tip spill strips. The visual inspection should evaluate and quantify the 
performance impact of degradation effects such as erosion, deposits, 
damage, etc. 
Clearance measurements at multiple circumferential positions of the 
diaphragm packing, tip radial spill strips, and end shaft packing should be 
used to quantify the effect of increased clearances. With this information, 
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decisions can be made based on the economics associated with the repair 
and replacement of turbine components, and the priority of necessary 
repair work. 
The steam path evaluation should categorize the identified stage 
performance losses into six components: excess diaphragm packing 
leakage loss, excess radial tip spill strip leakage loss, nozzle recoverable 
and unrecoverable losses, and bucket recoverable and unrecoverable 
losses. 
Recoverable losses are defined as those can be recovered by cleaning, 
dressing, repair of the components, or replacement of clearance controls. 
The unrecoverable loss is that part of the performance loss that can only 
be recovered by replacement with new components, such as new 
diaphragms or buckets.  
• Loss Mechanisms:[1] 
Stage efficiency losses may be caused by a number of reasons, such as 
deposits, solid particle erosion (SPE); foreign object damage (FOD), 
rubbed or damaged packing, or rubbed or damaged spill strips. 
Regardless of the causes leading to losses, stage efficiency losses may be 
quantified by sorting the losses into one of the following four categories: 
- Leakage loss. 
- Friction loss. 
- Aerodynamic loss. 
- Loss caused by changes in flow passage areas. 
These losses prevent the efficient transfer of the energy into shaft work as 
the steam is expanded through a turbine stage. 
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• Leakage Losses:[1] 
In order for a turbine to produce shaft power, steam must pass through 
both the nozzle and bucket flow passages. Steam bypassing either the 
nozzles and/or buckets due to diaphragm inter-stage packing leakage, 
bucket root leakage or bucket tip radial spill strip leakage, will not 
produce kilowatts. It may also disrupt the flow through the nozzles and 
buckets in such a way as to further decrease turbine shaft output. 
Leakage losses are caused by increased clearances between the rotating 
and stationary components. These increased clearances are caused by 
rubbing between components, solid particle erosion or foreign object 
damage. The amount of the loss will be a function of the amount of the 
leakage flow. The amount of leakage flow is a function of the clearance 
(leakage) area, the geometry of the leakage path, and the pressure drop 
(pressure ratio) across the component that the leaking steam is bypassing. 
Equations can be used for the discrete calculation of leakage flow through 
an inter-stage diaphragm packing, or a tip or root spill strip. However, 
this does not account for the effect of the increased leakage on the energy 
distribution on the stage or the consequence of it on the downstream 
stage. For example, if there is excess root clearance on a diaphragm spill 
strip, there will be an increase in the flow entering or leaving the steam 
path, which, in turn, affects the root reaction of the stage and the amount 
of flow which passes through the bucket dovetail hole or the wheel hole. 
Similarly, if additional leakage flow is calculated over the tip spill strip of 
a bucket, the tip reaction of the stage will also be affected, which affects 
the energy distribution on the stage as well as on the stage immediately 
downstream. 
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• Friction Losses:[1] 
Stage efficiency losses due to an increase in the measurable roughness of 
a nozzle partition or bucket vane surface will be a function of the ratio of 
the height of the projections to the thickness of the boundary layer, and 
whether this flow is laminar or turbulent (Reynolds Number). The thinner 
the boundary layer (higher Reynolds Number), the more significant the 
friction loss becomes, even for small projections. Projections are caused 
by contaminates in the steam which deposit on the surface of the 
partitions. Projections are also caused when foreign particles collide 
against partition surfaces, leaving behind small indentations in these 
surfaces. Quantifying friction losses in steam turbine airfoils is a complex 
topic. Many factors contribute to the amount of this loss. Such factors 
include the location (suction vs. pressure side), the orientation, the size, 
and the geometry of the projections on the airfoil surface. It is customary 
when evaluating friction losses to divide the airfoil into three regions: 
leading edge, suction side trailing edge, and pressure side trailing edge. 
Nozzle suction side roughness affects stage efficiency approximately 
three times more than pressure side roughness. The leading edge 
roughness will have the greatest contribution to stage efficiency loss 
occurring on the bucket. Bucket leading edge suction side roughness 
affects stage efficiency approximately two times more than pressure side 
roughness. Also, because of the higher-pressure drop through the nozzles 
relative to the buckets on an impulse design stage, approximately 75% of 
a stage efficiency loss caused by surface roughness is attributed to the 
nozzles. 
This information is separated by turbine section. Since higher Reynolds 
Numbers are found in the High-Pressure section (smaller boundary layer), 
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the smaller the projections have to be in order to avoid an increase in 
friction loss. 
• Aerodynamic Losses:[1] 
As previously mentioned, turbine nozzle and bucket profiles and 
geometry are designed so that steam accelerating through nozzle passages 
can be redirected onto the buckets at optimum entrance angles and 
velocities. Any changes to nozzle and/or bucket profiles will change the 
entrance and/or exit steam angles, increasing the aerodynamic losses 
within a stage. These factors are critical considerations when repairs are 
made to these components. 
Three critical parameters which should be routinely inspected during the 
Steam Path Audit to quantify these “off-angle” steam losses include 
nozzle trailing edge thickness, nozzle throat widths, and bucket leading 
edge profiles. HP and IP turbine section diaphragms are designed with 
nozzle trailing edge thickness in the range of 15 to 25 mils, depending on 
the stage. The most common causes of off-angle losses are due to erosion 
of nozzle trailing edges and poor quality repairs. When nozzle trailing 
edges become eroded, the nozzle trailing edges decrease until, when 
enough material is lost, pieces of trailing edges begin to break off. When 
this occurs, the trailing edge thickness will increase and the off-angle 
losses will increase. Diaphragm repairs which increase nozzle trailing 
edge thickness above the design thickness will also increase the amount 
of off-angle losses.  
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• Losses Due to Changes in Flow Passage Areas:[1] 
If the flow passage area of a stage changes, the initial pressure into that 
stage must change in order to pass a constant steam flow. This change in 
the initial pressure will change the amount of available energy to the 
stage, which in turn will affect the efficiency of the stage. Changes to 
flow passage areas are commonly caused by deposits (area reduction), 
erosion (area increase), or mechanical damage (area reduction or 
increase). An approximate rule of thumb for an impulse-type stage is a 
10% increase in nozzle throat area will result in a 3% stage efficiency 
loss for a stage other than a control stage. 
In addition to the effects on stage efficiency, changes in stage areas will 
also affect the flow passing capability of the turbine. This will in turn 
have an additional effect on the kilowatt generating capability of the 
turbine for a constant valve position. Deposits in the nozzle throat area 
will decrease the efficiency as well as the flow passing capability (and 
therefore kilowatt capability) of the unit, while erosion of nozzle flow 
passages will decrease the efficiency but increase the turbine's flow 
passing capability.  
  
CHAPTER 2 – LITERATURE REVIEW  
15 
 
Figure 2.1. Digital photography steam turbine blades with solid 
deposits. 
2.3. Large Power Steam Turbines, Design and Operation:[3] 
The reference has mentioned that the steam pressure values in a certain 
section of the steam path and upstream from this section raise sharply, 
whereas all the steam pressure drops down stream from this section 
remain invariable. Such a jump-like local increase of the steam pressure 
more often ensues from invasion of a foreign body, or bodies, in the 
steam path. It might be, for example, the broken sheath of the steam 
temperature sensor, or a piece of tool having been dropped into the 
turbine’s internal space at the previous overhaul, etc.    
At the same time, local damages in the steam path, including breakage of 
individual fixed and rotating blades or their outlet edges, can result in 
sharp reduction of aerodynamic resistance and decrease of the steam 
pressure drop. As applied to the first stages of the HP and IP turbine 
stages, such damages are often caused by solid particles from the main 
and reheat steam lines, as well as water induction into the turbine from 
the steam lines and cross-over pipes.   
Brushing and rubbing in the seals and their resultant wearing occur if the 
radial or axial clearances in the seal between the rotor and casing details 
diminish to zero. Most often, these events take place at the turbine start-
ups because of the possible increased bow of the rotors and/or sag of the 
turbine casing, increase in vibration of the turbine rotor, specially while 
passing the critical speed regions, excessive relative expansions of the 
rotors due to uneven heating the rotors and casings, and so on 
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 For this reason, each start-up of the turbine brings a threat to the 
turbine efficiency. At the same time, only “bad” start-up is able to 
decrease the turbine efficiency in such an extent (by means of wearing of 
the seals, for example) that the result of all subsequent start-ups will not 
be significant – they could not cause additional wear of the seals and 
increase steam leakage through them.  
 Along with wearing the seals, the start-ups affect the turbine 
efficiency provoking the exfoliation of oxides from the inner surface of 
the boiler tubes. This results in some erosion of the turbine steam path by 
solid particles. In addition, when the power unit is started up, purity of 
steam entering the turbine worsens, too.   
 It should also be noted that the unit start-ups add the leakage from 
the steam shut-off valves along their stems due to wearing their gland 
seals, too, promote a decrease of the turbine efficiency by other means. 
At the same time, in some countries, the comparative investigations of the 
turbine efficiency, repeatedly conducted at similar units operating in 
different base-load and cycling manners did not reveal any perceptible 
difference in the efficiency caused by the diverse start-up numbers. To a 
great degree this is conditioned by the operation quality.  
 The above-mentioned decrease of the turbine efficiency can remain 
until the turbine is overhauled and repaired, and all the accumulated 
damages and deficiencies are remedied as far as possible. Experience 
shows that, if these damages and deficiencies are not of irreversible 
character, the turbine efficiency can be reverted at the original level after 
the overhauls.  
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CHAPTER 3 
GARRI POWER PLANT 
In this study, steam turbine unit one in Garri Power Plant one has 
been selected to be the studied case. 
3.1. Information about Garri Power Plant: 
Garri Power Stations Complex is located about 70 km north of 
Khartoum. This complex is planned to consist of four power plants, two 
existing combined cycle plants 200MW each, 100MW petroleum coal 
fired steam power plant which is under construction and 500MW future 
crude fired steam power plant. 
The two existing combined cycle power plants are similar except 
that one has the option to be fired with Liquefied Petroleum Gas or Light 
Diesel Oil, but the other is fired with Light Diesel Oil. Each plant consists 
of four Gas Turbines and two Steam Turbines. Each Gas Turbine supplies 
a Heat Recovery Steam Generator with the hot flue gases to produce 
steam. Each Steam Turbine is supplied with steam from two Steam 
Generators and produces about half of the power of the two Gas Turbines 
that are combined to it. 
The Steam Generators were designed to produce superheated 
steam at 67bar and temperature of about 470oC. 
The Steam Turbine receives the superheated steam from the two 
Steam Generators and rejects it to its attached condenser. It has two 
steam extraction points. One of the extracted steams is used to preheat the 
Liquefied Petroleum Gas before entering the Combustion Chamber, and 
the other is used in sealing of turbine at the bearings locations. The 
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condenser has a vacuum pump to maintain this vacuum from 
deterioration, in case of any gases (air) leakage into the system. The 
condensate is then extracted from the condenser via pumps (Condensate 
Extraction Pumps) to a heater, which is the only one that the steam cycle 
has. It is an atmospheric pressure open heater that is heated by circulating 
water between it and a separate low pressure drum and pipes in the Heat 
Recovery Steam Generator via low pressure pumps. This heater also is 
used as a de-aerator. The water is extracted from the heater via high 
pressure pumps to feed the economizer, which is inside the Heat 
Recovery Steam Generator. The hot water from the economizer enters the 
boiler drum. This boiler is a natural circulating boiler. The steam from 
this boiler enters the super-heater then leaves to combine with the steam 
from the other Heat Recovery Steam Generator to enter the Steam 
Turbine unit. 
The Steam Turbine is designed to produce 36MW rated power, but 
as it is used in a combined cycle and it is combined with two Steam 
Generators those were designed to be compatible with the Gas Turbine 
as well as the steam turbine, the maximum produced power is about 
32MW when its fed by two Steam Generators, and about 16MW when its 
fed by one Heat Recovery Steam Generator. 
The control of the steam entering the turbine is via throttling 
control valve which is controlled by a hydraulic governor.  
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* This enthalpy value will be calculated using a computer program that referred to IAPWS IF-97.4 
CHAPTER 4 
METHODOLOGY 
The turbine output is affected by the conditions of the steam at inlet and 
outlet, the actual rate of used steam, the isentropic and mechanical 
efficiencies of the turbine, the generator efficiency and any other losses. 
This can be formulated in the following equation: 
 P = m. x (h1 – h2) x ηis x ηmech x ηgen x L x ηx  (4.1) 
 
Figure 4.1. Temperature–Entropy Diagram for Steam Turbine. 
Where: 
P ≡ Output Power (kW). 
m. ≡ Mass flow Rate of steam through the turbine (kg/sec). 
h1  ≡ Enthalpy of steam at inlet to the turbine (kJ/kg).* 
h2  ≡ Enthalpy of steam at the end of isentropic expansion (kJ/kg).* 
Entropy, S 
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ηis  ≡ Isentropic efficiency of the turbine. 
ηmech  ≡ Mechanical efficiency of the turbine. 
ηgen  ≡ Efficiency of the generator. 
L  ≡ The ratio of actual rate of steam used for developing mechanical 
work to rate of steam entering the turbine. 
ηx  ≡ Efficiency catering for other losses which are not taken into 
account. 
 For the analysis of the performance of the steam turbine, the above 
factors are taken into account. 
The equation (4.1) can be reformulated as follows: 
 ηov = ηis x ηmech x ηgen x L x ηx  = P ⁄ (m. x (h1 – h2)) (4.2) 
ηov ≡ the overall efficiency of the turbine. 
Application of the above equations will be used in chapter 5. 
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CHAPTER 5 
DATA ANALYSIS 
For this study, data that has been used are from the available steam 
turbine records in Garri power plant. For the period from 29th December 
2006 to 31st August 2008; the data was recorded every two hours and the 
number of repetitions for each power value are shown it table (5.1) and 
displayed in figure (5.1).  
Table 5.1. Load Repetition  
Load (MW) Times of Repetition 
5 0 
6 0 
7 0 
8 0 
9 5 
10 74 
11 197 
12 197 
13 123 
14 357 
15 380 
16 66 
17 4 
18 3 
19 0 
20 9 
21 2 
22 4 
23 33 
24 126 
25 313 
26 56 
27 71 
28 40 
29 127 
30 304 
31 747 
32 134 
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To avoid repetition, The Enthalpy Drop (h1-h2), steam Mass rate of Flow 
(m.) and the Overall Efficiency (ηov) have been plotted for selection of 
power values along the operational range. All the shown points on the 
analysis charts are based on recorded points at recorded times hour, day, 
month and year. 6th order polynomial trend lines have been used on the 
curves to make the view easier for analysis and to extract summary points 
and they do not reflect continuity. 
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Figure 5.1. Load Repetition Chart for the period from 29th December 2006 to 31st August 2008 
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Figure 5.2. 32 MW Overall Efficiency Chart (Repetition= 134) 
Date 
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Figure 5.3. 32 MW Specific Enthalpy Drop and Main Steam Flow Rate Chart (Repetition = 134) 
Date 
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Figure 5.4. 32 MW Relation Between m., ∆h and ηov 
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5.1. 32MW discussion: 
From the repetition table (table 5.1) the 32MW condition has been 
repeated 134 times in the period under investigation. 
The trend lines on the curves (figures 5.2 and 5.3) are 6th order 
polynomial lines and they have been used to make the view easier for 
analysis and to extract points for the chart of Relation Between m., ∆h 
and ηov (figure 5.4). From figure 5.2 the efficiency is fluctuating 
between about 79.5% and 82%, around the trend line.  
Referring to figure (5.4) on 8th of February 2007: 
 m. =114 t/h =114/3.6 kg/s 
∆h = (h1 – h2) = 1232.716 kJ/kg 
P=32 MW = 32 * 106 W 
 Using equation (4.2) which states: 
 ηov  = P ⁄ (m. x ∆h)   (4.2) 
Substituting the above values to calculate the overall 
efficiency value as follows: 
ηov  = 32 * 106/((114/3.6)*(1232.716)) *100 = 81.976%  
This point will be used as a datum for the comparison with the 
other points on this chart. 
The next overall efficiency value in figure 5.4 is 80.927% on 
2nd April 2007. Referring to figure (5.4) on 2nd April 2007: 
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 m. =116 t/h =116/3.6 kg/s 
∆h = 1227.156 kJ/kg 
P=32 MW = 32 * 106 W 
 Then using equation (4.2), the overall efficiency value 
has been calculated as follows: 
ηov  = 32 * 106/((116/3.6)*(1227.156)) *100 = 80.927%  
By comparing this value with the previous value on 8th 
February 2007, although the value of the enthalpy drop 
decreased from 1232.716 to 1227.156 due to change in the 
main steam temperature from 466oC to 462oC, the main steam 
flow rate increased from 114t/h to 116t/h, as a result the 
overall efficiency decreased from 81.976% to 80.927%. By 
referring to the values of the main steam pressure and the 
condenser pressure on the same date and time in Appendix 
(A1), there are no changes, so the main steam flow rate 
changed to compensate for enthalpy drop change and the 
change of the internal loses. More details on this; in order to 
maintain a constant output from the turbine, the steam mass 
flow rate should change from 114.0t/h to 114.517t/h to 
maintain the same value for the product (m. x ∆h), but at the 
same time change in m. and the condition of the steam at input 
changes the internal losses in the turbine and this also required 
m. to change to the balance value which is 116t/h. As a result 
the overall efficiency decreased from 81.976% to 80.927% 
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The next overall efficiency value in figure 5.4 is 82.355% on 
17th May 2007. By using the data on the mentioned date in 
appendix (A1) and referring to figure 5.4: 
 m. =115t/h  
∆h = 1216.364kJ/kg 
By comparing with the value on 8th February 2007, the 
enthalpy drop decreased from 1232.716kJ/kg to 
1216.364kJ/kg due to change in the condenser pressure from -
94kPa to -93kPa and the decrease of the inlet temperature 
from 466oC to 455oC. In order to maintain the same value for 
(m. x ∆h) the main steam flow rate should change to 
115.533t/h, but due to the decrease in the internal losses the 
main steam flow rate changed to 115t/h. As a result the overall 
efficiency increased from 81.976% to 82.355%. 
The next overall efficiency value in figure 5.4 is 79.302% on 
24th July 2008. By using the data on the mentioned date in 
appendix (A1) and referring to figure 5.4: 
 m. =119 t/h  
∆h = 1220.729kJ/kg 
By comparing with the value on 8th February 2007, the 
enthalpy drop decreased from 1232.716kJ/kg to 
1220.729kJ/kg. In order to maintain the same value for (m. x 
∆h) the main steam flow rate should change to 115.119t/h, but 
due to the increase in the internal losses the main steam flow 
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rate changed to 119t/h. resulting in the decrease of overall 
efficiency from 81.976% to 79.302%. 
 
The next overall efficiency value in figure 5.4 is 81.446% on 
29th August 2008. By using the data on the mentioned date in 
appendix (A1) and referring to figure 5.4: 
 m. =116 t/h  
∆h = 1219.337kJ/kg 
By comparing with the value on 8th February 2007, the 
enthalpy drop decreased from 1232.716kJ/kg to 
1219337kJ/kg. In order to maintain the same value for (m. x 
∆h) the main steam flow rate should change to 115.251t/h, but 
due to the increase in the internal losses the main steam flow 
rate changed to 116t/h. resulting to the decrease of overall 
efficiency from 81.976% to 81.446%. The decrease in the 
enthalpy drop value was due to increase in the main steam 
pressure from 60bar to 63bar, increase of the main steam 
temperature from 462oC to 464oC and increase of condenser 
pressure from -94kPa to -93kPa. 
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Figure 5.5. 31 MW Overall Efficiency Chart (Repetition = 747) 
Date 
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Figure 5.6. 31 MW Specific Enthalpy Drop and Main Steam Flow Rate Chart (Repetition = 747) 
Date 
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Figure 5.7. 31 MW Relation Between m., ∆h and ηov 
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5.2. 31MW discussion: 
From the Repetition table (Table 5.1) the 31MW condition has been 
repeated for 747 times in the studied period, this is the most repeated 
load condition. 
The trend lines on the curves (figures 5.5 and 5.6) are same as those 
previously mentioned in figures 5.2 and 5.3. From figure 5.5, 31MW 
Overall Efficiency, the efficiency is fluctuating between about 77% 
and 82%.  
Referring to figure (5.7) on 21st March 2007: 
 m. =115 t/h =115/3.6 kg/s 
∆h = 1175.525kJ/kg 
P=31 MW = 31 * 106 W 
 Then using equation (4.2), the overall efficiency value 
has been calculated as follows: 
ηov  = 31 * 106/((115/3.6)*(1175.525)) *100 = 82.553%  
This point would be used as a datum for the comparison with 
the other points on the chart. 
The next overall efficiency value in figure 5.7 is 74.687% on 
29th August 2007. By using the data on that day and From 
figure 5.7 on 29th August 2007: 
 m. =123 t/h =123/3.6kg/s 
∆h = 1214.826kJ/kg 
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P= 31MW = 31 * 106W 
 Then using equation (4.2), the overall efficiency value 
has been calculated as follows: 
ηov  = 31 * 106/((123/3.6)*(1214.826))*100 = 74.687%  
By comparing with the value on 21st March 2007, the enthalpy 
drop increased from 1175.525kJ/kg to 1214.826kJ/kg. In order 
to maintain the same value for (m. x ∆h) the main steam flow 
rate should change to 111.280t/h, but due to the increase in the 
internal losses the main steam flow rate changed to 123t/h. 
resulting to the decrease of overall efficiency from 82.553% to 
74.687%. The change of ∆h is due to decrease of main steam 
pressure from 60bar to 59bar, the increase of main steam 
temperature from 462oC to 465oC and the decrease of the 
condenser pressure from -90kPa to -93kPa.  
The next overall efficiency value in figure 5.7 is 81.557% on 
20th July 2008. By using the data on the mentioned date and 
referring to figure 5.7: 
 m. =114 t/h  
∆h = 1200.327kJ/kg 
By comparing with the value on 21st March 2007, the 
enthalpy drop increased from 1175.525kJ/kg to 
1200.327kJ/kg. In order to maintain the same value for (m. x 
∆h) the main steam flow rate should change to 112.624t/h, but 
due to the increase in the internal losses the main steam flow 
rate changed to 114/h. resulting to the decrease of overall 
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efficiency from 82.553% to 81.557%. The change in ∆h is due 
to the increase in the main steam pressure from 60bar to 61bar 
and decrease of the condenser pressure from -90kPa to -92kPa. 
The next overall efficiency value in figure 5.7 is 80.474% on 
19th August 2008. By using the data on the mentioned date and 
referring to figure 5.7: 
 m. =114 t/h  
∆h = 1216.474kJ/kg 
By comparing with the value on 21st March 2007, the 
enthalpy drop increased from 1175.525kJ/kg to 1216.47kJ/kg. 
In order to maintain the same value for (m. x ∆h) the main 
steam flow rate should change to 111.129t/h, but due to the 
increase in the internal losses the main steam flow rate 
changed to 114/h. resulting to the decrease of overall 
efficiency from 82.553% to 80.474%. 
The change ∆h is due to the increase of main steam pressure 
from 60bar to 61bar, increase of main steam temperature from 
462oC to 464oC and the decrease of the condenser’s pressure 
from -90kPa to -93kPa. 
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Figure 5.8. 25MW Overall Efficiency Chart (Repetition = 313) 
Date 
Date 
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Figure 5.9. 25MW Specific Enthalpy Drop and Main Steam Flow Rate Chart (Repetition = 313) 
Date 
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Figure 5.10. 25 MW Relation Between m., ∆h and ηov 
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5.3. 25MW discussion: 
From the Repetition Table (table 5.2) the 25MW condition has been 
repeated for 313 times in the studied period, if this repetition has been 
compared with the other load conditions repetitions, it falls in the high 
level. 
From figure 5.14, 25MW Overall Efficiency, the efficiency is fluctuating 
between about 76.0% and 82.0%. Referring to figures 5.15 and 5.16, table 5.4 
summarizes this fluctuation and the contributed factors. 
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Table 5.2. 25MW Analysis Table 
 
Date – Time 
Main steam 
pressure 
(Mpa) 
Main steam 
temp. (x10oC) 
Main steam 
flow rate (t/h) 
Condenser 
Pressure 
(kPa) 
Overall 
Efficiency 
(%) 
Enthalpy Drop 
(kJ/kg) 
15/Feb/2007 01:00 4.8 46.7 92 -95 79.53916113 1229.910972
18/Mar/2007 11:00 4.8 45.2 94 -92 82.27495573 1163.715981
6/Sep/2007 01:00 5.2 45.7 200 -92 38.18704765 1178.410031
20/Jul/2008 03:00 5.1 46 95 -92 80.25123888 1180.503173
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Figure 5.11. 15 MW Overall Efficiency Chart (Repetition = 380) 
Date 
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Figure 5.12. 15 MW Specific Enthalpy Drop and Main Steam Flow Rate Chart (Repetition = 380) 
Date 
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Figure 5.13. 15 MW Relation Between m., ∆h and ηov 
CHAPTER 5 – ANALYSIS 
46 
 
5.4. 15MW discussion: 
From the Repetition Chart (figure 5.1) the 15MW condition has been 
repeated for 380 times in the studied period, if this repetition has been 
compared with the other load conditions repetitions, it falls in the high 
level. 
From figure 5.20, 15MW Overall Efficiency, the efficiency is fluctuating 
between about 70.0% and 80.0%. Referring to figures 5.21 and 5.22, table 5.6 
summarizes this fluctuation and the contributed factors. 
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Table 5.3. 15MW Analysis Table 
 
 
Date – Time 
Main steam 
pressure 
(Mpa) 
Main steam 
temp. (x10oC) 
Main steam 
flow rate (t/h) 
Condenser 
Pressure 
(kPa) 
Overall 
Efficiency 
(%) 
Enthalpy Drop 
(kJ/kg) 
30/Jan/2007 05:00 3.9 46 59 -95 76.34530028 1198.835074
17/Dec/2007 07:00 4.4 45.3 62 -94 73.5027878 1184.945181
4/Feb/2008 21:00 4 45.1 60 -94 76.77552064 1172.248645
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Figure 5.14. 10 MW Overall Efficiency Chart (Repetition = 74) 
Date 
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Figure 5.15. 10 MW Specific Enthalpy Drop and Main Steam Flow Rate Chart (Repetition = 74) 
Date 
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Figure 5.16. 10 MW Relation Between m., ∆h and ηov 
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5.5. 10MW discussion: 
From the Repetition Table (table 5.2) the 10MW condition has been 
repeated for 74 times in the studied period, if this repetition has been 
compared with the other load conditions repetitions, it could fall in the 
low medium level. So it is a medium value comparison condition. 
From figure 5.35, 10MW Overall Efficiency, the efficiency is fluctuating 
between about 60.0% and 68.0%. Referring to figures 5.36 and 5.37, table 
5.11 summarizes this fluctuation and the contributed factors. 
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Table 5.4. 10MW Analysis Table: 
Date – Time 
Main steam 
pressure 
(Mpa) 
Main steam 
temp. (x10oC) 
Main steam 
flow rate (t/h) 
Condenser 
Pressure 
(kPa) 
Overall 
Efficiency 
(%) 
Enthalpy Drop 
(kJ/kg) 
13/Jan/2007 05:00 3.11 47.69 45 -96 65.76986499 1216.362539
19/Jul/2007 17:00 4.6 46.1 50 -93 60.7632458 1184.926826
31/May/2008 11:00 4.2 46.4 46 -94 65.50964784 1194.64647
9/Jun/2008 07:00 3.7 45.1 51 -92 62.22448162 1134.412589
16/Jun/2008 19:00 4.3 46.3 48 -93 63.53506338 1180.450542
19/Aug/2008 07:00 4.3 45.5 52 -94 58.41285288 1185.197535
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5.6. Summary : 
• For a constant output power the overall efficiency is inversely 
proportional to the product of steam mass flow rate and the isentropic 
enthalpy drop values (equation 4.2). 
• For a constant output power the overall efficiency is not constant due to 
fluctuation of the product of steam mass flow rate and the isentropic 
enthalpy drop values. 
• The values of the isentropic enthalpy drop in all load conditions 
fluctuate between 1140kJ/kg to 1250kJ/kg due to fluctuation in steam 
conditions at inlet and outlet of the turbine which are not under control 
due to dependency on the gas turbine flue gases condition and 
condenser cooling water temperature. 
• The control of the steam turbine is done by controlling of the steam 
mass flow rate. 
•  For constant power output the steam mass rate of flow values are 
changed to compensate for the change in the values of the isentropic 
enthalpy drop and the internal losses which change with the condition 
and rate of steam (e.g. aerodynamic losses changes with the condition 
and velocity of steam). 
• The overall efficiency value is not constant at constant power output 
due to: 
o The change in the condition of steam at inlet and outlet to the 
turbine which affects the internal losses and the required mass 
flow rate. 
o The changes in the internal losses caused by change in steam 
mass flow rate. 
• It is known that there is a certain mass of steam is consumed at no load 
to overcome friction losses. The effect of this mass on the efficiency in 
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low power output is more than its effect on large power output. So, the 
Overall Efficiency decreases with the decrease of the output power 
(Table 5.12). 
Table 5.5. Overall Efficiency Summary: 
Output Power 
(MW) 
Steam mass rate of 
flow range (t/h) 
Overall Efficiency 
range % 
32 113 – 119 79 – 82 
31 110 – 118 77 – 82 
30 108 – 115  76 – 83 
29 104 – 112  78 – 82 
25 90 – 98  76 - 82 
24  88 – 95  76 - 80 
15 55 – 64  70 - 80 
14 55 – 62  67 - 75 
13 50 – 61  62 - 77 
12 45 – 55  66 - 76 
11 45 – 52  63 - 73 
10 44 – 51  60 - 68 
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CHAPTER 6 
CONCLUSION AND RECOMMENDATIONS 
6.1. Conclusion: 
From the previous chapter the following can be concluded: 
• For a constant output power it was found that the overall efficiency is 
not constant due to fluctuation of the product of steam mass rate of flow 
and the isentropic enthalpy drop values. 
• The values of the isentropic enthalpy drop in all load conditions 
fluctuate between 1140kJ/kg to 1250kJ/kg due to fluctuation in steam 
conditions at inlet and outlet of the turbine. The fluctuation of steam 
condition at inlet is not under control due to dependency on the gas 
turbine flue gases condition and condenser cooling water temperature. 
• For constant power output the steam mass rate of flow values are 
changed to compensate for the change in the values of the isentropic 
enthalpy drop and the internal losses which change with the condition 
and rate of steam (e.g. aerodynamic losses changes with the condition 
and velocity of steam).  
• The overall efficiency value is not constant at constant power output 
due to: 
o The change in the condition of steam at inlet and outlet to the 
turbine which affects the internal losses and the required mass 
flow rate. 
o The changes in the internal losses caused by change in steam 
mass flow rate. 
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• The best overall efficiency values were obtained during the highest load 
condition and the worst efficiency values were obtained during the 
lowest load condition.  
• The Overall Efficiency decreases with the decrease of the output power. 
Because it is known that there is a certain mass of steam is consumed at 
no load to overcome friction losses. The effect of this mass on the 
efficiency in low power output is more than its effect on large power 
output. 
 
6.2. Recommendations 
• The steam turbine always should be operated at the maximum possible 
load condition to obtain the high efficiency. 
• Online data registration system should be attached to the system to 
allow easy and fast performance evaluation, and to provide a high 
reliability data register. 
• Evaluation of steam turbines performance in Garri Power Plant One 
should be done. 
• This study could be taken as a benchmark for future performance 
evaluation on steam turbine unit one in Garri Power Plant One.  
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Appendixes 
A1. 32 MW Table 
Date - Time 
Load 
(MW) 
Main 
stop 
valve 
opening 
(%) 
Main 
steam 
pres. 
(Mpa) 
Main 
steam 
temp. 
(x10oC) 
Main 
steam 
flow 
rate 
(t/h) 
Exh. 
temp. 
(oC) 
Cond. 
Pres.(kPa) 
Overall  
Efficiency 
Enthalpy 
Drop (kJ/kg) 
25/Jan/2007 11:00 32 99 6 46.2 114 37 -94 82.34698936 1227.156358
25/Jan/2007 13:00 32 99 6.1 46.1 113 37 -94 83.07088658 1227.227815
5/Feb/2007 19:00 32 99 6 46.4 114 33 -95 81.04560896 1246.861278
5/Feb/2007 21:00 32 99 6 46.4 115 33 -95 80.34086453 1246.861278
7/Feb/2007 11:00 32 99 5.9 46.6 114 36 -94.8 81.1937302 1244.586637
7/Feb/2007 23:00 32 99 5.9 46.3 114 32 -95 81.23338031 1243.979152
8/Feb/2007 09:00 32 99 6 46.6 114 36 -94 81.97562937 1232.715532
14/Feb/2007 09:00 32 100 5.9 46.4 115 35 -95.2 80.19987919 1249.053166
14/Feb/2007 11:00 32 100 5.9 46.4 111 35 -95.4 82.83864212 1252.842648
15/Feb/2007 09:00 32 100 5.9 46.4 114 35 -95 81.14239409 1245.374045
15/Feb/2007 11:00 32 100 5.9 46.7 114 35 -95 80.87040979 1249.562502
15/Feb/2007 13:00 32 100 5.9 46.7 114 35 -95 80.87040979 1249.562502
20/Mar/2007 09:00 32 99 6.1 46.2 117 39 -90 83.65006281 1177.064728
20/Mar/2007 11:00 32 99 6 46.4 116 40 -90 84.28641965 1178.248468
20/Mar/2007 23:00 32 99 6 46.3 118 39 -93 80.44423777 1213.599897
24/Mar/2007 23:00 32 99 5.8 46 114 37 -95 81.60710685 1238.282246
25/Mar/2007 01:00 32 99 5.9 45.9 116 37 -94 81.30203224 1221.498923
25/Mar/2007 07:00 32 99 6 46.8 115 38 -94 81.07972778 1235.498882
25/Mar/2007 09:00 32 99 6.1 46.4 115 35 -94 81.34927879 1231.405054
25/Mar/2007 21:00 32 99 6 46.5 116 38 -94 80.65324777 1231.324808
25/Mar/2007 23:00 32   6 46.5 116 38 -94 80.65324777 1231.324808
26/Mar/2007 19:00 32 99 5.9 46.6 114 38 -94 82.07677196 1231.196466
26/Mar/2007 23:00 32 99 6.1 46.4 116 35 -94 80.64799191 1231.405054
27/Mar/2007 01:00 32 99 6 46.3 116 35 -94 80.83572551 1228.545228
27/Mar/2007 09:00 32 99 6 46.4 116 37 -94.4 80.31968329 1236.438451
27/Mar/2007 11:00 32 99 6 46.4 115 38 -94 81.44652909 1229.934709
27/Mar/2007 13:00 32 99 6 46.7 116 38 -94 80.47142901 1234.106888
27/Mar/2007 15:00 32 99 6.1 46.5 112 37 -94 83.43385454 1232.798645
27/Mar/2007 21:00 32 99 6.1 46.3 115 35 -94 81.44140742 1230.012057
27/Mar/2007 23:00 32 99 6 46.3 116 36 -94 80.83572551 1228.545228
29/Mar/2007 09:00 32 99 5.9 45.9 115 38 -94 82.00900643 1221.498923
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Date - Time 
Load 
(MW) 
Main 
stop 
valve 
opening 
(%) 
Main 
steam 
pres. 
(Mpa) 
Main 
steam 
temp. 
(x10oC) 
Main 
steam 
flow 
rate 
(t/h) 
Exh. 
temp. 
(oC) 
Cond. 
Pres.(kPa) 
Overall  
Efficiency 
Enthalpy 
Drop (kJ/kg) 
29/Mar/2007 21:00 32 99 5.9 46.1 115 37 -94 81.82361635 1224.266508
29/Mar/2007 23:00 32 99 5.9 46.1 115 38 -94 81.82361635 1224.266508
2/Apr/2007 03:00 32 99 6 46.2 116 38 -94 80.92721368 1227.156358
2/Apr/2007 05:00 32 99 6 46 115 37 -94 81.81600347 1224.380424
2/Apr/2007 07:00 32 99 6 46.1 115 37 -94 81.72338114 1225.768093
2/Apr/2007 09:00 32 99 6 46.2 115 37 -94 81.63092858 1227.156358
17/Apr/2007 21:00 32 99 6.2 46.4 114 40 -94 81.9676924 1232.834897
17/Apr/2007 23:00 32 99 6 46.3 115 40 -93 82.54278311 1213.599897
7/May/2007 01:00 32 97 6 46.3 117 38 -92 82.03788185 1200.19601
12/May/2007 11:00 32 99 6 46.5 116 38 -93 81.64527675 1216.363625
12/May/2007 13:00 32 99 6 46.5 116 38 -93 81.64527675 1216.363625
12/May/2007 15:00 32 99.3 6 46.5 117 38 -93 80.94745387 1216.363625
12/May/2007 21:00 32 99 6 46.4 116 90 -93 81.73815764 1214.981444
12/May/2007 23:00 32 99 6 46.4 117 90 -93 81.03954091 1214.981444
14/May/2007 01:00 32 99.4 6.1 46.2 117 36 -93 81.12482761 1213.704132
15/May/2007 05:00 32 99 6.2 46.3 116 36 -94.1 80.54183015 1233.028162
15/May/2007 07:00 32 99 6.1 46.4 118 35 -94 79.28107679 1231.405054
15/May/2007 09:00 32 99 6.1 46.5 116 38 -94 80.55682507 1232.798645
15/May/2007 11:00 32 99 6 46.6 116 37 -94 80.56225645 1232.715532
15/May/2007 13:00 32 99 6 46.5 115 39 -94 81.35458036 1231.324808
15/May/2007 15:00 32 99 6 46.4 116 39 -94 80.74440384 1229.934709
15/May/2007 17:00 32 99 6 46.4 116 39 -94 80.74440384 1229.934709
15/May/2007 19:00 32 99 6 46.5 115 37 -94 81.35458036 1231.324808
15/May/2007 21:00 32 99 6.1 46.5 115 39 -94 81.2573192 1232.798645
15/May/2007 23:00 32 99 6.1 46.6 115 39 -94 81.16552775 1234.192838
16/May/2007 01:00 32 99 6.1 46.3 118 38 -94 79.37086317 1230.012057
16/May/2007 03:00 32 99 6.1 46.5 117 38 -94 79.8683052 1232.798645
16/May/2007 05:00 32 99 6.1 46.4 116 38 -94 80.64799191 1231.405054
16/May/2007 07:00 32 99 6.1 46.4 115 38 -94 81.34927879 1231.405054
16/May/2007 09:00 32 99 6.1 46.4 116 38 -94 80.64799191 1231.405054
16/May/2007 11:00 32 99 6.1 46.5 115 39 -94 81.2573192 1232.798645
16/May/2007 13:00 32 99 6 46.5 116 39 -93 81.64527675 1216.363625
16/May/2007 15:00 32 99 6 46.5 116 40 -93 81.64527675 1216.363625
16/May/2007 17:00 32 99 6.1 46.4 116 40 -93 81.63789448 1216.473618
16/May/2007 19:00 32 99 6 46.4 116 40 -93 81.73815764 1214.981444
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17/May/2007 13:00 32 99 6 46.5 115 39 -93 82.35523568 1216.363625
17/May/2007 15:00 32 99 6.03 46.5 116 40 -93 81.61487816 1216.816677
17/May/2007 17:00 32 99 6.04 46.4 114 39 -93 83.13098108 1215.583291
17/May/2007 19:00 32 99 6.03 46.5 115 39 -93 82.32457275 1216.816677
17/May/2007 21:00 32 99 6.05 46.4 116 39 -94 80.69583188 1230.675024
17/May/2007 23:00 32 99 6 46.3 116 40 -93 81.83120739 1213.599897
18/May/2007 03:00 32 99 6.1 46.4 116 38 -94 80.64799191 1231.405054
18/May/2007 05:00 32 99 6.1 46.3 116 38 -94 80.73932632 1230.012057
18/May/2007 07:00 32 99 6.1 46.4 116 39 -94 80.64799191 1231.405054
18/May/2007 09:00 32 99 6.09 46.4 116 38 -93 81.64778509 1216.326257
18/May/2007 21:00 32 99 6.05 46.4 116 39 -94 80.69583188 1230.675024
19/May/2007 01:00 32 99 6.05 46.4 116 39 -94 80.69583188 1230.675024
19/May/2007 07:00 32 99 6.1 46.4 112 35 -93 84.55353357 1216.473618
19/May/2007 09:00 32 99 5.9 46.4 116 37 -93 81.8415069 1213.447169
19/May/2007 11:00 32 99 6.1 46.3 116 37 -93.4 81.34506575 1220.852721
19/May/2007 19:00 32 99 6 46.4 116 38 -93 81.73815764 1214.981444
19/May/2007 21:00 32 99 6.05 46.3 116 39 -94 80.78715904 1229.283787
19/May/2007 23:00 32 99 6.06 46.3 116 39 -93 81.77068955 1214.498072
20/May/2007 09:00 32 99 6 46.4 116 38 -93 81.73815764 1214.981444
20/May/2007 11:00 32 99 6.04 46.5 116 37 -94 80.61432778 1231.919282
20/May/2007 21:00 32 99 6.01 46.5 115 39 -93 82.3449838 1216.515062
8/Aug/2007 09:00 32 100 6.2 46.3 117 40 -92 81.83498747 1203.171669
23/Aug/2007 21:00 32 100 6.2 46.4 116 40 -93 81.54060811 1217.924996
23/Aug/2007 23:00 32 100 6.1 46.3 116 40 -93 81.73095114 1215.088573
26/Aug/2007 07:00 32 100 6.2 46.5 117 38 -93 80.75157586 1219.314142
29/Aug/2007 09:00 32 100 6.2 46.4 117 42 -93 80.84367984 1217.924996
29/Aug/2007 11:00 32 100 6.3 46.6 116 42 -93 81.26053454 1222.122712
30/Aug/2007 09:00 32 100 6.2 46.4 118 42 -93 80.15856391 1217.924996
30/Aug/2007 21:00 32 100 6.3 46.4 118 42 -93 80.06575101 1219.336825
9/Sep/2007 23:00 32 100 5.8 46.3 108 41 -93 88.11823621 1210.494799
11/Sep/2007 13:00 32 100 6.4 46 232 40 -93 40.8640555 1215.130799
14/Jul/2008 09:00 32 100 6.5 46.4 118 42 -93 79.88821781 1222.046521
14/Jul/2008 11:00 32 100 6.5 46.3 118 40 -93 79.97979417 1220.647285
14/Jul/2008 13:00 32 100 6.5 46.4 117 40 -93 80.57102309 1222.046521
14/Jul/2008 15:00 32 100 6.5 46.4 118 40 -93 79.88821781 1222.046521
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15/Jul/2008 21:00 32 100 6.5 46.5 117 41 -93 80.47884167 1223.446268
24/Jul/2008 09:00 32 100 6.3 46.5 119 41 -93 79.30235481 1220.729484
24/Jul/2008 13:00 32 100 6.3 46.4 119 40 -93 79.39292958 1219.336825
24/Jul/2008 15:00 32 100 6.3 46.4 119 40 -93 79.39292958 1219.336825
26/Jul/2008 15:00 32 100 6.3 46.3 118 41 -92 81.04531692 1204.599135
30/Jul/2008 15:00 32 100 6.3 46.5 117 40 -93 80.65795062 1220.729484
31/Jul/2008 23:00 32 100 6.3 46.4 117 41 -92 81.64414797 1205.984028
4/Aug/2008 15:00 32 100 6.3 46.8 117 41 -93 80.38261261 1224.910901
11/Aug/2008 09:00 32 100 6.3 46 117 40 -93 81.1203103 1213.771719
13/Aug/2008 13:00 32 100 6 46.5 113 41 -93 83.81285047 1216.363625
13/Aug/2008 15:00 32 100 6.4 46.4 118 41 -92 80.85889239 1207.376403
13/Aug/2008 17:00 32 100 6.3 46.4 118 42 -93 80.06575101 1219.336825
14/Aug/2008 21:00 32 100 5.7 46.5 115 43 -92 83.60786651 1198.139807
26/Aug/2008 11:00 32 100 6.3 46.7 117 40 -92 81.36361115 1210.142189
27/Aug/2008 21:00 32 100 6.3 46.3 117 39 -93 80.84237018 1217.944727
27/Aug/2008 23:00 32 100 6.3 46.3 117 39 -93 80.84237018 1217.944727
28/Aug/2008 11:00 32 100 6.4 46.4 118 41 -93 79.97566617 1220.71029
28/Aug/2008 13:00 32 100 6.4 46.5 118 41 -93 79.88429816 1222.106483
28/Aug/2008 15:00 32 100 6.4 46.3 117 40 -93 80.75154333 1219.314633
28/Aug/2008 17:00 32 100 6.4 46.4 118 41 -93 79.97566617 1220.71029
29/Aug/2008 09:00 32 100 6.3 46.6 116 39 -93 81.26053454 1222.122712
29/Aug/2008 11:00 32 100 6.3 46.5 115 39 -93 82.06069759 1220.729484
29/Aug/2008 13:00 32 100 6.3 46.4 116 39 -93 81.446195 1219.336825
29/Aug/2008 15:00 32 100 6.3 46.4 116 39 -93 81.446195 1219.336825
 
